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ABSTRACT

The objective of this paper is w demonstrato that dellsting (apfront
or not) of hazardons wasic sircams {with or without stabilization or
azty other form of treatment) can be an cffective approach for reducing
high sludge dlsposal casts: & nonhazardous clessification of the waste
will reduce the disposal costs, Alsp, the permitting of & hezardous
waste facllity is exuemely difficult given the strong public opposi-
tion to the siting of such facilities, while the permirting of sofid wasts
landfillx 1y relatively easier, Delisting a waste allows for the less
rigorous disposal requirements in eny solld waste landfill, Therefore,
the proposed approach allows the waste to be managed in & reliable,
reasonably cost-¢flective and environmentally prudent manner.

A facllity may petition ths U.S. BPA to remove its waste from
haznrdous waste control by excluding them from the lisis of hazardous
wastes contained in 40 CFR § 261,31 end § 261.32, In add!ition, residues
from the treatment, storags or disposaf of listed hazardous wastes and
mixtures containing harardous wastar are considered hazardous wastes,
Such wastes sre elso cligible for exclusion, Petitionets must provide
sufficient informetion to the U.S. BPA to allow the Agency to deler-
mine: (1) that the wastz (o be delisted s not harardous based upon
the criterie for which it was listad, (2) that no other hazardous con-
stiluents are present in the waste at levele of regulatory concern and
{3) that the waste does not exhiblt any hazardous wasts chamcteristics.

The U.S. EPA encourages the use of upfront delisting petitions be-
cause they have the advantage of allowing the applicant 10 know what
weatment levels for constituents should be sufficient to render specific
wasies nonherardows before Investing in new or modified waste treats
ment systeme, Therefore, upfront delisting allows new facilities 10
rocelve exclusions prior to generating wastes which, without upiront
exclusions, would unnccesserlly b considered hazardous.

Ou July 18, 1991, the U.S, EPA proposed the use of the U,S. EPAs
Composite Model for Landfills (the U.S, EPACML) to evaluale & de-
listing petition and 1o evaluate the impact of the petitioned wasts on
human health and the environment, The use of the U,S, EPACML
by the delisting program provides ronsistency between the cherag-
teristice and delisting programs. The new model sllows a two to three
times higher dution than the previously used Vertical and Horlzon-
tal Spread (VHE) model,

This paper presents case sudies from several industey sectors where
the above methodology has greatly benefitted the manufacturer,

INTRODUCTION

The hazardous waste list from nonspecific and spezific sources is
published In 40 CFR §261.31 and §26},32. These wastes are listed
#5 hazardous beceus they Typically and frequently exhibit one or more
of the charsctzristics of hazardous wastes identified in Subpart C of
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Part 261 (i.e,, ignhabllity, corrosivity, reactivity and toxicity chare-
teristic [TC] Wxiciry} or meet the criledin for listing contained in 40
CFR §261.1a)(2) or (&)(3).

Individual weste streums mey vary, however, depending on raw
materials, industrial processes and ofher factors, Thos, & specific waste
from n Indivicua! facility meeting the listing description may not bc
hazardous. Under 40 CFR §260.20 and §260.22, fucilities may peti
tion the U.S. BPA to remove their wastes from hazardous wasts con-

‘1ol by ex¢luding them from the Usts of hazardous wastes contained

In 40 CFR 326131 and §261.32. In addition, reslducs from the treat-
meat, storage or ditposal of lisied hazardous wastes and mixtures ¢ons
tajning hazardous wostes &re alsa considered hazardous wastes. Snch
wastes 2re also eligible for exclusion, Petitioners must provide suffi-
cient inforroation w the U.S. EPA 10 allow the Agency to detzrming:
(1) thet the wests to be delistod §s not hazardous based upon the criten
for which it was listed, (2) that no other hazardous constituents &rc
present in the waste &t levels of regalstory concern and (3) that the
wastc dozs not exhibit eny hazardous waste chatacterigtics.”

U.S. EPA's Approsch Used fo Evaluate Delisting Petitions

The U.S. EPA wlill first evaluate the petition to determine whether
the waste Js hazardous based on the factors for which It was originally
listed, The Agency will then evaluate the wesie with respect to other
factors, Including constituents other than those for which the weste
wes listed, The petitioner can choose to submit & row materials list
and process descriptions or to test the waste for wasie consttuent
Jkely to be present, The U.S, EPA will evaluate this information 0
determine whether any hazardous constituents are used or formed 18
the manufacturing and treatment process and are likely o be present
in the waste &t environmentally tigaificant levels.

A pelitioner may also request an upfront delisting, L&, for waste
that has not yet been generated or that will be subject to further treal-
ment. An upfront delisting (When treatment {s planned) allows 80
exclusion 1o be granted based on untreated waste characteristics, bench-
scale or pilol-scale treatment dew, prosess descriptions and batch
testing raquirements 1o show that, once on-line, A treaument sysiem
cen meet the V.S, EPA's verification testing limitations.!

The U.S. EPA encoursger the use of upfront delisting petitions D&
ceusc they have the advantage of wlowing the applicant 1o know whit
weatment Jevels for constituents should be sufficlent to render spcdﬁc
wastes nonhazardous before investing in new or modificd wa;m‘tm('
ment sysiems, Therefore, upfront delisting allows new factlitics “:
receive exclusions prior 10 gencrating wastes which, without upfron
exclusions, would unnecessarlly be considercd hrzardous, Upfron!
delistings for existing facilities oan be processed copcurrently durifg
construction of permitting activities. Therefore, new or modified Ureal
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ot systems should be able 1o produce wastes that arc considored
:fnhmrdous sooner than otherwise would be possidie, Al the same
¢, conditional batch testing requirements 1o submit data verifying
st $he delisting levels are achieved by the fully operational manufac-
prnglreatment gysiems will guareniee the lntegrity of the delisting

gram and will snswre that only norhazardous Wastes are removed
S':m Subtlde C conirol,!

pROPOSED USE OF the U5, EPACML FOR
DELISTING EVALUATIONS

During & delisting determination, the U.S. EPA uscs fate and trans.
1t models to predict the concentratjon of waste constiuents thet may
e released from petitioncd wastes sfier disposal 1o determing the
,,oumm impact on human health and the environment, The main com-
onert of the U8, EPA's modellng effort ks the estimation of the potan.
pal impact of the leachable wesie constiuents on an underlying aquifer,
ahe modeling exorcise involves the uss of leachate concentrations s
ts 10.the modol 1o predict constituent concentrations in the ground-
waict &l & hypothetical drinking water well Jocated downgradient from
the dispozal glte. These compliance-point soncentrations are then com-
10 the health based levels (HBLs) for the waste constituents of
concern, Figure 1 shows the plan view and the cross-sectional view
of the wastc facllity 2nd Jeachate migration throngh the unsaturated
aod saturaed zones
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Figure |
A Schematle of the Waste Facllity and Leschae Migration
Through the Unssturated end Sarurmied Zanes

Under a landfil} or surface impoundment disposa) seenzria, the ex
posure route of most concern to the agency it ingsstion of conam)-
nated groundwater. The U.S, EPA her been using the Vertical and
Horlzonta! Spread (YHS) mode! 10 approximate the transport of con-
siueny in an aquifer below tha waste disposal site! The VHS
mmadel predicts the dilusion of the waste constiratats in & drinking waler
squifer 55 k result of disperzion in he venical and horizontd directions.

On July 18, 1991, the LS, EPA proposed the use of their Compe-
site Model for Lapdfills (the U.S, EPACMLY) 1o evaluate # delisting
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tition and to eviduate the impact of the petitioned waste on human
calth and the environmen!, The use of the U.S. EPACML by the de-
listing program provides consistency between the chameteristics and
delisting programe. The new mode! allows & two 1o thres timos higher
dilution than the previously vsed VHS model,

Description of the US, EPACML

The EPACML mode! simulates the fate and transpont of constitucnts
released from a wasic disposal faclity Into the underlying aquifer and
the migration 10 a hypothetlea! drinking water well, Undetr the de-
[isting program, it is assumed that the waste would be dizposed In
& subtitle D (i.c., a municipal solid waste landfll]) landfdl. The LS.
EPACML sccount for onc-gdimensional sieady and unlform advecs
tive flow; contaminant dispersion in the longltuding, lateral and
vertical directions; sorption onto squifer material; and chemical degra-
dation from hydrolysis.** No volatllization or blodepradation of
chemicals {5 sssumed, The model estimatet 2 Dilution/Aticnuation
Factor (DAF) for chemicals which basically represents the estimneted
reduction in concentration that would eccur during transpon through
soll and groundwaler {rom the Jeachale release polnd (bottom of the
landfill or surface lmpoundment) 10 an exposure polnt.f A range of
DAF; is normally obtained due to the various types of aquifers, solle
and waste constituents that are eimulated, The U.S. EPACML vses
2 Montce Carlo simulation technique to account for the wide range
of hydrogoologic settings found at municipal waste fandfllls and w0
sccount for the uncettainty in the Jnput dasa, M

Dlution/Attenusation Factors (DAFs) -

The U.S, EPACML Monte Carlo simulation yields a probability
distribution of DAFs, and thus & DAF percentlle needs ta be sclected.
The cheracteristic program used the 85th DAF 10 set regultory lovels.
The delisting program i& proposing 1o use the 95th percentlie DA¥s
which the U.S, EPA believes o6 bo & conservative and reasonsble worst-
case disposal seenario for dellsied wastes, Fipure 2 shows the DAF
curve for both Jandfllic end surface Impoundments, Thble { lists
representative DAR values for selecicd waste volumes,
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Figure 2
Dilutfon/Atienuation Factors for Delisting
EPACML-Landfill and Surface Tmpoundmont

ERM’s RECOMMENDED APPROACH TO STABILIZATION
AND DELISTING

Brnvironmente! Resources Manegement, Ing (ERM) recommends
the use of & phnsed approach 10 handle the compiex issues associxted
with treeting and dispoging of & waste, The first siep of that approach
is the wasiz characterization, where represeatative samples of the wasie
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are taken and analyzed for tow! and leachable concentrations of the
constitucnts that cowdd potentially be present in the wasie, The second
step I tho comparison of the feachate conceatrations with the delisting
levels, This step detormines whether or 00l the waste coult! be exeluded
from Subtile T regulstions. If the lcachable constituent levels are
greater than the delisting levels, the manufacturer has the option 1o
conslder furthet trestment, wasis segregation, etc., ao that the de-
Hating levels are met, 1 the declsion for further waste treaument is
made (such as sabilization), ERM perforrus & technology scrccning
that identifics technologics capable of achieving the delisting lovels,
The next siep in the process s the performanes of bench-seale com-
bustlon testing (U applicabls), bench-scale stabilization testing, e,
If thz treatubiliry results are encouraging, this step is followed by the
preparstion of the dellating patition and submission of the petltion
to the U,5, EPA, If the petition is granted, & fusll-scale treatment fa-
cility (if applicable) is designed and permitied.

This papor presents case studics from several soctors of industry
where the above methodology has proven of great benefit 1o the waste
producer,

Tuble 1
Dilution/Atkenuation Foctors for Landfilly
and Surface Impoundments

Keaatn Yalums PIth Parcentile
|{eunic yards pet yesr] LAngfiliw Burfags InpOUACARALS
31000 100 Lo0
1,280 114 joot
3,500 A1 - $3
1,780 B 12
2,000 1 i
7,500 4 &p
1.080 111 63
&,000 . 57 84
&, 000 L 48
¢, 000 o 43
7,000 0 L}
3,000 LE] b1
§.000 10 a5
16,000 b1 H
12,400 3 24
15,000 29 4
2e, 000 27 2
13, 00U 24 H
1,000 13 1
€0, 000 H 13
50,000 1 13
$0,000 1 i1
[ -1-1] 11 - it
#T, 000 14 L0
10C,000 1) ]
13C, 000 3 ki
208, 000 33 £
245,000 1 $
100, 000 12 ] __}

v DAr outell ix 100 correxponoing to the ToxsQity Cheraevsrizgsc
Rule (e, Ang., Thutvday, WIIeh 39, 1990y,

Bowres! Pot, Mog., Vol, 38, Mo, 13b, p5. 33,008, Thursosy,
July 10, 1R,

Case Study 1~Upfront Stabllization end Delisting of &
Chromium Filter Cake

A stee] manufacturer's chromium wastewater treatment plant cure
rently gencraics approximessly 240 wet tons/yr of filter cake from
its wastewater treatment eperations, Tals filler cake is currently clas-
sified 18 2 U.S, EPA Hazardout Wasie Code FOOE, Wasiewnizr Treat-

¢nt Sludges from Blectroplating Operations and, recordingly, must
be managed as & hezardous waste. The listed constitvents of concern
for L.5, EPA Hazardous Waste No, POOS are cadmium, hexavalent
chromium, nickel and eyanide {complexed), The genemied waste con-
talns chromium(T) produced from the reduction of spemt chromiem
passivation and plating solutions,
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The sieel manufacruter hes devecloped a chemical stabilization
process for the filter eake whereby the haxardous consutuents in the
filter vake are rendered virally immobile. This process {5 based on
the pazzolanic reaction of lime and fly ash that adsorbs and/or encap-
aulates the heavy metals present in the chromium filter cake ino x
caleium.slumino-silicats matrix, thereby rendering them essentially
immobile. The product of this rexction is identified as Chermically
Swbilized Filier Cake (CSPC). Pigure 3 shows & schematic dingram
of a typical ime-bascd (pozzolanic) stabllization process that could
be used for this project.! ERM prepared a dellsting petition on be.
hal! of the menufacturer for excluding the CSFC from the Hist of
hezardous wastes, BRM belicves this material 1o be nonhazardous,
nt substantinied by the detailed data and informetion conwined in the
dellsting petiuen fie,

L

} Source: USEPA, 1R8F

Figure 3
Lime-Based (Pozzolanic) Stabilizadan Procesy

The swwe] meaufscturer has completed an investigatory program 10
produce and fest a seatistically significant number of n:prcscnwz.ivc
demonstration sampies of the subject CSEC. Laboratory tests wor¥
conducied on four representative semples of chromium filter cuke.
Each sampls {1,000 g) was mixed with controlled amounts of fly &b
(400 g), lime kile dust (600 §) &nd water in a predetermined s:ﬁc;
of steps. The resulting mixtures were immediately subjected to lf-"
Toxicity and TCLP iesting according to the methods in 40 CFR P
261.24 and S5 Federal Register, HB-UETT, Mateh 29, 1993, m%
tively, Also, the stabllized cake was Allowed 10 cure for 15 days
then sudjected to further EP Toxicity and TCLP testing. In addition:

. the manufacturer performed EPTox extractions on the four swred, sisbi

lized materials mfier pulverizing them to pass a 100-mesh slave:
Results of the EP Toxlcity tests for arscnic, cadmium, chmmlﬂf“
lead, mercury, nicke! end silver are ghown o Tadle 2. EP 'bei; t);
and TCLP testing were pot completed for berium and sejenium oV
10 the sufficlently low total constinuent concentrations (1.¢,, #ss
the 20:} Jiquid-to-s0lid ratio of the EF Toxicity and TCLP testt &%
the assumptlon of J00% lcaching, the absolutz worst-case extract cOf
cenmatons would be below the respective tevels of regulatory ooa&cm‘:;
As can be sean from Table 2, the extract concentrations frof b“u
tests are well below 100 times the epplicable Health Based chtl, 0
{(the HELs arc multiplicd by a dilution/artenuaton factor eque (g'l
thet was Based on & maximum axnual volume of 800 yd of 20 o
chromium filter cake), The modtied compliance point concentral p
that were obiained by using the meximum EPTox or TCLP Xcac‘h!r'
conzentrations from the stabillzed mawerials are well below the €@
responding levels of regulntory concem.
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Comparison Between Health-Based Levels

P

Tabie 2

and Extracted (EP) Coneentrxtions®

Lompound: 8ilver A2ponic Cxdmium Chramium Neteury Nickel Lead

;;;‘P""’ 0.08 mg/L D.05" 0.008 0.1 ©.002 0.3 0,05

pLx300r? 5 5 c.5 10 0.2 10 3

gPIOX Tapt oo Raw Chromiun FPilter Cakas

e 1200 €0,08 <6.,02 <0,02 12.7 <0.002 0.30 0.02

' 2200 <0.05 <0.02 <0,02 €.8 <0, 002 0.1¢ 0.03

3200 <0.05 - <0.02 <0, 02 2.2 <0,002 .16 <0.01
£200 <H,058 <0.02 <0.02 5.4 <0.002 0.%$ 0.01

gpTOX Swst ~e~ Btabliized Materisl - Unpured . "

T.0. 1420 <0,05 0.02 <0,02 <0,05 <0,002 Y 0.02
2420 <D, 03} 0.03 <D.02 <0.05 0.002 0.4 0.02
3420 <0.,05 D.p2 <0.02 <0,05 0.004 <0,10 0,01
4420 <0, 0% <0, 02 <0.02 <0,05 0,003 0.10 0.04

XPTOX Toant w-o Btabilired Haterisl -~ 138 Day Cure

T.D. 1440 <0,058 <0,02 <0.02 <0,08 <0,002 0.2 0,0
2440 <0.05 <0,02 <0.02 <6,08 <0,002 <0,10 <h,0%
© 8440 <0,0% <0,02 0,02 <0.05 <0,002 0.10 <0,02
4440 <0.08 <0.02 <0, 02 <0,0% <D, 002 0,10 €0,01

LPTOX Tesf wwm- Stabilized Matorial « 1% Day Cure « <100 mesh

1.0, 1470 <0,0% <0, 02 £0,02 <0.05 40,002 <0.10 <0, 0

' 2470 <0, D8 <002 <0,02 <0.08 <0,002 <,10 0.01

3470 <0,0% <), 02 <0,02 <0.05 <0.002 <0.10 <0,01
4470 <0,05 0.02 <0.05 0,002 <0.10 <0,0%

<0.02

+ ALl conatituant concentrations ave expressed in ppm.

»» The faoter of 100 representt a dilution/attenuation Zactor [DAF) obtained by use of the EPACNL model.

HBL = Heslth Based Lavel (USEPA, 1980).

Nine-day Muliple Extraction tests (MEP) wers performed on the
four samples to simulate the hypothetical long-tzrm effects of Jeeching
by acid raln or other acidic media, The results show that the metals
in the leachate from the CSFC remain well below 20 times the HBL
afier nins successive extractions. A 24-hr digtilled water exwaction
1! for total cyanide conient was also performed on the four stabilized
sumples, No cyanide wag detected (the detection lirmit was 002 mg/L),

The maximum tota) cyanide soncentration in the stabilized muterials
was 52 ppm which s below the U5, EPA's interim standard for resctive -
cytnide of 250 ppm. Also, the maximum tolal sulfide concentration
in the stabitized materinle was 160 ppm for reactive sullide, -

1t should be further emphasizad that the chromium reduction sysiem,
whizh lr £ necassery pent of the process et the chrombum (r2ayment
plant, is esizblished 1o effeatively reduce hexavalent chromium, The

. chromium {n the raw chromium filier eake i3 at lerst §9.96% trivalent

¢hromium, Trivalent chromium, which it o nature! ¢onstiuent in the
earth's crust and J5 an essentlal human pwtrlent, §s considered 10 be
much Jess 1oxi¢ than hexavalent chromium (see Redera! Regisier 53,
p. 10,206, March 23, 1588). ERM, therelore, dots not belicve that
Jevels of total chromium in the petitioned CSFC present & hazard o
clther human health or the environment.

Since organice are not used in the plating lines and st the chromivm
wastewater treatment plant, no Appendix VIU Organics ars expected
e present in the stabllized filier eake (CSFC) in environmentally
significant quentities, The Material Sefely Data Sheets (MSDSs) for
the tubricants used Kt the plating }ines were thoroughly examined by
ERM. The MSDSx indicste that no 1oxi¢ chemical is present in the
lubricating ofis In concentrations >0.1%, These fack, In combines
tion with the maximuni levels of tola) ol &nd gresse thal were found
In the subilized fiher eake (.e., 990 ppm), indleated that no volzifle
organies or s=mivolatiics are expecied 1o be present in the stebilized
filer eake In environmentally significant fevels,

Bzsed upan the datz and information presented in the petition, ERM
cuncluded that the chromiwn CSFC doss not meet the criteria for
which the U.S, EPA Hazardous Waste Code FOO6 was lisied in 40
CFR Part 261,32, nor does §i mest any other hazardous criferia/cherac-
terietics (¢.8., with respect W all other TC meials, ignitabllity, teactivity,
corrosivity, nicke}, cyanide or organics) which might couge the waste
10 be hazardous, In additlon, the materials and subsiancos weed in the
manufacturing and treatment prosesses are not expected 10 introduce
any additional constituents {e.5., organics) that would be of concern,
The subject stabillzed wasiz Uis not capable of posing & substantisl
present or potential hazard 1 human health or the environment when
improperly trented, stored, transparted, or dlsposed of, or otherwies
managed.” ERM, therefore, belioves that this material should not be
classified a2 & hazardous waste, The delisdng petition was submitiod
in order 1o support this concluzion and form the basls for a finding
by the U.S, EPA that the chromium treatment pians filler cake treated
by the stabllization process merits delisting.

Case Study 2—Ash Stabliization and Deilsting

This case srudy focnaes on the potential applicabillty of delisting
of ash (either bottom ash, fy esh or & mixture of bots fly ash and
vortom ash) that §x genersted by combusting & variety of wasies such
23 municipn) solld waste, pharrmaceutical industry waste, cte, The goal
in these ituations I5 1o apply solidification and/or stabllizntion tech-
naiues o reduce Jeaching of constineents (prirerily metals) from the
ash. The wastes that could be incinersied con be sither listed wastes
(such s F-listed wastes) or sonlisted xolid wastes, Many times even

though & nonlisted waste 15 belng Incineraied, tho ssh falls the EPTbx
or T%LP testing and {x, therefore, declared hazardous, Thic conses

quences for the ultimstedispossl of the ask, As emphasized in the {n-
troduction 1o this peaper, sizbilization of s hazardouy ash can be an
effective approach 10 reducing bigh studge disposal costs and allows
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for the Jess rigorous disposal of the ash in sny solid waste landfill.

Tabie 3 shows bench-scale leaching results on stabilized incinerstor
fiy ash.” The fly nsh is created from the buming of up to 2000
lons/dsy of munleipul solid waste at x wasie-to-cnergy fucllity in
Massachusens, As 1§ shown in that table, the fly ach fulls the delisting
levels for cadmium, chromivm and lead, Thercfore, this ash should
be handled as n hezardous wasto or be subjected to Rirther treatment

Table 3
Comparison Between Health-Based Levels
and Extracted (TCLP) Concentrations

Compound: Cadmidtim Chromiun Lead
HDL 0.008 0.1 0.0
KBLX100.D*» 0.5 10 5
TCLy Taat: Untrsated Incinmragor Fly Ash

Y S 0.49 <0,01 0.87
1B 3.3 0,01 4.4
ic 44,5 13 897
1D 7.02 29 3305
TCLE Tast: Stablilized Fiy Ash - Uncurad

1A . 0.03 0,01 0.30
1B 0.05 <0.01 ¢.30
ic R .33 <0.01 0.4%
1D L 0,28 0,01 0,78
OCLY Test; Btabilixed Fiv Ash « 17 Day Guxa
1A <0. 08 <0.0% <0.20
1B <0.0% <0.0% <010
¢ <0,08 <0, 05 X0,10
b3 <0.08 <0.05 <0.10

v ALl consATusnt conOARTIRELAnd AZe exprsssed in pou,

YP The T40TOT £f 10D.0 Zepresents & filutiensstrenurtien fectes
(DAY} sbtilnad by usa of the TPADML model,

¥BL v Health Busag laval (USEPA, 14993,
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w0 remove the hazardous propenies. The owners of the plant have
puiented a nabliizstion wchnology ihat involves mixing the Ny ash
(or combinetions of fly ash &nd botiom esh) with quality controlied
wazte pozzolans and landfill leachate (or waler) 1o produce b Waste
that passcy stbilized ash. It can be seen that the uncured and 17-day
cured fly ash produces Jeachate concentrations for the three meuld
that are below the respective delisting Jovels. Therefore, the stabllized
8sh can be handled &5 & nonhazardous waste and be disposed of In
any hazardous waste lndfill at a savings of at least $100/1on of fly ush.
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